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Introduction: Research shows 54% to 93% of practicing dentists suffer from
musculoskeletal disorders (MSDs), with many developing afflictions early in
their careers. Studies also show that dental students are developing MSDs early
in their professional education.
Objective: The research goal was to quantify the prevalence, anatomical loca-
tion and initial onset of MSDs among first-year dental students. The study also
assessed the students’ self-reported opinion as to whether there were enough
educational touchpoints to improve their ergonomics in daily activities.
Methods: At the conclusion of a 9-month preclinical restorative course, that
included 2 lectures onMSDs, ergonomics, and postural cueing sessions, a dental
and physical therapy faculty member administered a survey to 143 first-year den-
tal students. This survey included questions about the history and presentation
of the students’ MSD symptoms and their opinion on the relative value of the
educational interventions.
Results: There was a 96.5% response rate to the survey with 87.8% of students
reporting mild to moderate pain. The cervical spine (41.7%) and hands (42.4%)
were the most common areas afflicted. 55.4% reported pain commencing 1
month after starting in the simulation clinic. Over 60.9% of students “agreed”
or “somewhat agreed” that the 2 sessions of hands-on ergonomic educational
interventions resulted in improved biomechanics and students requested
additional educational resources.
Conclusion: Dental students are developing MSDs as soon as 1 month after
commencing dental school. Dental education should include ongoing ergonomic
training throughout the curriculum to help students prevent MSDs.
KEYWORDS
educational assessment, ergonomics, interprofessional relations, musculoskeletal disorders,
postural cueing, preclinical dental education, teaching method
1 INTRODUCTION
Over 54% of dentists will develop some type of mus-
culoskeletal disorder (MSD) during their careers.1-5
Depending on the study, numbers vary and can go as high
as 93%.2,6 This can lead to dentists terminating clinical
practice earlier than they desired.7 In a systematic review,
Hayes et al. showed that the most prevalent regions for
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pain among practicing dentists was the back (36.3%-60.1%)
and neck (19.8%-85%), while the hands and wrists were
the most prevalent regions for practicing dental hygienists
(60%-69.5%).8
Valachi and Valachi’s 2003 article established a postural
blueprint for dental professionals to prevent the develop-
ment of MSDs.9-11 These postures are generally taught and
accepted as the standard for proper ergonomics. Despite
these generally accepted standards, MSDs continue to
plague dentists and dental students.Over the last 5 years,
the University of the Pacific’s Dugoni School of Dentistry
has seen an increase in the number of preclinical dental
students voicing concerns about pain and discomfort in
the neck, hands, and back. An initial informal 2-question
survey conducted by administration in 2016 asked 142 first-
year dental students if, since beginning dental school, they
had experienced new pain in the area of the hands, fin-
gers, wrists, arms, shoulders, neck, and/or upper or lower
back. Of the 111 respondents, 93 reported pain in 1 or more
areas of the body. The hands, fingers, and thumbs were
the most common areas affected, followed by the neck,
back, andwrists. The second question askedwhat provided
relief to their symptoms. Eighty-four said stretching and 62
said rest improved their affliction. Voluntary written com-
mentsmentioned theweight of the handpiece, doctor chair
design, or preparing teeth in a typodont caused their pain.
Several of those students sought and received care
from their physicians and physical therapists for these
issues. Some were instructed by their doctors to limit their
preclinical activities or to completely rest from preparing
teeth on a typodont for up to 8 weeks. This respite from
preparing teeth required the students to later remediate the
preclinical course to catch up with the class.
Since the 2016 survey, the Preclinical Restorative
Course Directors received and observed from subsequent
cohorts more frequent self-reporting complaints of pain
or discomfort during simulated practice on typodonts.
Becoming aware of these issues, 2 faculty members,
the Preclinical Restorative Course Director (DDS) and
the Doctor of Physical Therapy (DPT), collaborated to
investigate the apparent rise in musculoskeletal disorders
among first-year dental students.
2 METHODS
Two faculty members from the University of the Pacific,
Dugoni School of Dentistry, the Course Director of the
first-year preclinical integrated restorative simulation
course (DDS) from the Department of Preventive and
Restorative Dentistry, and the Doctor of Physical Therapy
(DPT) from the Department of Diagnostic Sciences,
collaborated to survey 143 first-year dental students on the
symptoms, anatomical location, onset, and cause of their
MSDs. The students were also queried as to whether 2
sessions of hands-on training with postural cueing helped
provide themwith tools to better position themselves in the
simulation clinic and help address their developingMSDs.
The DDS and DPT co-presented a 1-hour lecture on den-
tal ergonomics and MSDs in the first month of the first-
year preclinical integrated restorative simulation course.
Though prior classes had been presented with lectures on
ergonomics, for this cohort, the DPT added information
about the types of MSDs that were common to dentistry,
and related symptoms with specific incorrect ergonomic
principles.
What was new to the curriculum was the addition
of real-time postural corrective cueing simultaneously by
both the DDS and the DPT. Postural cueing is used by
physical therapists to evaluate patients in real time and
draw comparisons between their incorrect ergonomics and
the resulting or potentially developing MSDs. The 2 fac-
ulty members rotated through the simulation clinic twice
during the dental students’ 9-month course, working with
groups of 18 students at a time. These sessions began with
a 20-minute verbal interactive review on the subjects of
ergonomics and MSDs. It also included time for students
to ask questions. The DPT and DDS remained with the
group of 18 students for up to 30 minutes giving real-
time corrections on posture, chair positioning, loupe fit,
and ergonomics. They also helped those students who
expressed concerns of pain, make the associations with
their ergonomically incorrect postures.
At the end of the 9-month restorative course, a descrip-
tive study via a survey was administered. Exempt status
#18-84 for the researchmethodwas obtained from theUni-
versity’s Internal Review Board. Of the 143 members of
the first-year dental class, 138 students signed a consent
form and voluntarily filled out the questionnaire. This was
accomplished during scheduled class time during which a
researcher was consistently present to review instructions
and answer any questions. The survey took 5-20 minutes
to complete.
There were 5 sections to the questionnaire. Section 1
(see Table 1) of the survey asked general questions about
the history and presentation of their symptoms includ-
ing the location, the precipitating factors, the intensity of
the pain, when and what caused symptoms and if cur-
rent educational modalities were helpful. If in Section 1,
the student answered “yes” to having pain, they were
then asked to answer the questions in Sections 2-5 that
pertained to them. Sections 2-5 of the questionnaire con-
sisted of adapted orthopedic survey questions (functional
outcome measures). These functional outcome measure-
ment questions were selected due to the vast data sup-
porting the validity of patient responses. The sections
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TABLE 1 Section 1 of Survey
Survey – Dental Education’s Impact onMusculoskeletal Disorders
Thank you for taking the time to participate in this survey.














I have experienced pain in
the following structures.


























What do you attribute the
cause of your
symptoms?











I first noticed symptoms: Before
starting in
SimClinic
























How would you describe
your symptoms?
Sharp pain Dull ache Numbness/
Tingling
Burning pain Weakness N/A
What makes the
symptoms better?
Rest Ice/Heat Exercises Stretching Nothing N/A
Rate your symptoms from
1 to 5 with 1 being no
pain.





















The “Don’t let poor dental
ergonomics take a bite
out of your dental
career” handout helped













I feel I can better position
myself while practicing
in the Simulation Clinic













56 SANTUCCI et al.
F IGURE 1 Student reporting mild disability and mild to mod-
erate pain by body region
were broken down as follows: Section 2-Neck Index (NDI),
Section 3-Lower Extremity Functional Scale (LEFS), Sec-
tion 4-Disabilities of the Arm Shoulder Hand (DASH),
Section 5-Oswestry Index (ODI) for the Back and Neck.
Those questions served to identify and verify the location,
duration, intensity of the pain, aggravating factors, type of
pain experienced, and the types of functional limitations
the students were experiencing. The indexes were slightly
adapted by the DDS and DPT to better meet the needs of
the dental population being queried. This allowed for the
development of pointed questions to ask dental students
relevant to their activities of daily function in and out-
side of school. In the adaption of these questions, the DPT
gave advice on how to gather data on functional outcome
measurements and the DDS gave input on what positions,
actions, and movements the students used to practice den-
tistry.
3 RESULTS
Descriptive statistics were used to analyze the data.
Included in the analysis were means, standard deviations,
and 95% confidence intervals for continuous data and
numerical counts accompanied by percentages for categor-
ical data.
Of the 143 students enrolled in the class, 138 students
responded voluntarily to the survey. Of those, 69 were
females, 73 were males. 87.8% of the students reported
mild to moderate pain in at least 1 body part. These stu-
dents had on average 1.94 affected body parts. Students
reported mild-moderate pain in the wrist/hand (42.4%)
cervical spine/neck (41.7%), lumbar spine (36.7%) and tho-
racic spine (22.3%) (see Figure 1).
The survey revealed that 55.4% of the students’ pain
started after 1 month of commencing their preclinical sim-
ulation education. Of the 87.8% that reported pain, 54.0%
F IGURE 2 Cause of pain in student population
F IGURE 3 A. Employed pain reduction techniques; B. Was
hands-on training helpful for positioning in the simclinic?
stated it was caused by preparing teeth on a typodont in
the Simulation Clinic (see Figure 2). Additionally, students
reported that studying (30.9%), physical exercise (13.3%),
insidious onset (7.3%), and traumatic injury (3.0%) precipi-
tated their symptoms. When the students were asked what
relieved their pain in the 9-months prior to the study, 38.5%
stated rest to be the best solution for correcting their symp-
toms (see Figure 3A). Thiswas followed by stretching, exer-
cise, ice, and heat.
Additionally, 68.8% of the students reported that they
“agreed” or “somewhat agreed” that the lecture material
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on “Musculoskeletal Injuries and Dental Ergonomics”
helped to build awareness of how to avoid MSDs. 60.9%
of the students “agreed” or “somewhat agreed” that the 2
sessions of hands-on training with postural cueing helped
provide them with tools to better position themselves in
the simulation clinic (see Figure 3B). Voluntary comments
included the request for additional postural corrective cue-
ing sessions.
4 DISCUSSION
Similar to other studies on dental students,12-18 our
research study revealed that nearly 90% of the students
had some type of MSD, with the spine and wrist being
the most affected area. In accordance with orthopedic
research, incorrect postures (or poor body mechanics)
are risk factors for developing MSDs.16 During the pos-
tural cueing sessions, the DPT commonly observed stu-
dents with musculoskeletal compensations of forward
head posture and rounded shoulders. These incorrect body
mechanics place excessive pressure on anatomical struc-
tures not designed to maintain correct posture. The result
is compensatory anatomical positions and excessive mus-
culoskeletal stress, specifically to the vertebral discs. Com-
mon errors the DDS observed affecting the students’ body
mechanics included incorrect chair height and seat tilt
angle alongwith incorrect positioning of the backrest. This
often caused the students to sit in positions that increased
thoracic spine kyphosis causing a rounded upper back
and diminished lumbar spine lordosis causing a slouched
low back. Additionally, students were observed gripping
handpieces overly tight with excessive wrist flexion. This
incorrect ergonomic position can cause increased pressure
within the carpal tunnel and damage anatomical struc-
tures such as the median nerve.16
While students found educational content and meth-
ods beneficial, through self-reporting, they requested
more information in the curriculum on MSDs, dental
ergonomics, and corrective interventions. Students sought
additional postural cueing sessions and felt that 2 touch-
points during a 9-month course was insufficient.
An unexpected data point from this research that drew
attention was that 38.5% of the students reported “rest”
to be the best solution for resolving their musculoskeletal
symptoms. There are 2 types of rest useful in addressing
MSDs. The first is used to avoid overuse injuries and
includes short periods of inactivity. Short periods of rest
are one of themany treatment options to prevent repetitive
stress injuries and are advised during daily practice to
mitigate deleterious MSDs, specifically of the soft tissue.19
They should be taken during or after a lengthy dental
procedure and in between scheduled patients. This is
similar to a weightlifter taking a break between lifting sets
of weights.20 The second type comprises extended periods
of rest after sustaining a major traumatic injury. Extended
periods of inactivity are only indicated in extreme cases
of traumatic injury.18 Long periods of rest should not be
utilized to resolve soft tissue musculoskeletal injuries.17
Important factors in determining the extent of the recom-
mended rest periods include the anatomical location, type
of injury, and onset of epidemiological symptoms. While
extended periods of rest can improve musculoskeletal
inflammation and the immediate symptoms experienced
by the student, addressing the root cause of the aggravating
factors is best in resolving MSDs. In dentistry this would
mean evaluating the ergonomics of the student, correcting
deficiencies in real time and modifying any equipment
as deemed necessary. If not, chronic pain cycles of fear
and avoidance21 can develop where multiple courses
of inflammation, pain, muscle atrophy, and re-injury
can occur.22 This cycle results in weakened anatomical
structures that are prone to re-injury. Remedying mobility
and stability impairments in the musculoskeletal system
through therapeutic strengthening and stretching are the
most effective interventions in conjunction with making
ergonomic adjustments to the workplace set up.23 In an
educational setting, the knowledge gap we observed in
this study among students could be closed by adding
evidence based research on the cause, prevention and
treatment options for MSDs, into the curriculum.
If a student complains of a musculoskeletal disorder
and/or is currently seeking medical attention for an MSD,
it is important to take amore in-depth look at that student’s
grasp of ergonomic principles and injury management.
This would entail faculty observing the student while s/he
was practicing on mannequins in the simulation clinic or
treating patients in the clinic. These focused observations
should go on over the course of several weeks. Faculty
would give the student real-time corrections to institute
better ergonomic habits. Additionally, if equipment mod-
ifications were needed, then those adaptations could also
be applied. Treatment alone without changing the incor-
rect ergonomics causing the injury could lead to a recur-
rence of that injury once medical treatment is complete.
Thus the faculty and the treating medical provider should
work together to help the student resolve symptoms and
mitigate future injury. This information could potentially
limit the number of students out on “rest” for weeks at a
time. It could also obviate the need for student remediation
of the missed curriculum due to physical injury.
While this study had some significant findings, it also
had some limitations. The historically validated LEFS,
DASH, Neck, and Back Indexes were modified to be more
dentally applicable. While these newly formulated ques-
tions were helpful to learn more about student symptoms,
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it caused the questionnaire to lose some of its validity.
Therefore, only Section I of the survey was used in our
research. These indices could provide an area of future
research and interprofessional collaboration by working to
validate a dentally focused LEFS, DASH, and Neck and
Back Indices.
Another limitation of this study was that the survey
was given to the students after the completion of their
9-month restorative course. All students did not take the
survey at the same time, which could have presented
different levels of MSD severity and knowledge recall.
A different approach would be to survey the students
at the commencement of their education, repeating it
several times throughout the pre-clinical course and at the
course conclusion. This could have potentially given more
information as to the onset, characteristics, and details of
their symptoms.
While this study showed that students had an increased
awareness of how to avoid musculoskeletal injuries, it also
could have focused on whether the IPE collaboration was
effective in mitigating symptoms or enhancing students’
ergonomics. A more specific study could have compared
ergonomic evaluations performed by a DDS faculty alone
to those performed collaboratively by a DDS and DPT
faculty. The study could assess specifically whether the
presence and expertise of the DPT alone made the dental
students experience fewer MSDs and have better manage-
ment strategies for their various musculoskeletal pain or
discomfort.
As dental educators, it is our duty to graduate stu-
dents that will not only be successful in the dental profes-
sion but will be able to practice throughout their career
pain-free. The investigatory efforts that we have started
in this research could continue by monitoring the devel-
opment of MSDs throughout the 4 years of the students’
dental education. This could potentially answer ques-
tions such as: Are additional cases of MSDs developing
after students enter the clinic? Are proper ergonomics
assessed during clinical practice or is it not a part of
clinical faculty’s focus? Does the expertise of the DPT
need to be extended into students’ clinical experiences? A
future study could examine preclinical and clinical den-
tal faculty’s knowledge level of ergonomics and correc-
tive interventions in addressing students’ musculoskele-
tal disorders. If a knowledge gap exists, more robust fac-
ulty training and educational endeavors could be imple-
mented. This effort to educate faculty could potentially
help address and reduce the number of students sustain-
ing injuries and could aid our graduates to practice with-
out disabilities or functional limitations throughout their
careers.
5 CONCLUSION
Dental students are developing MSDs early in their den-
tal education. There is also a knowledge gap among stu-
dents that rest alone is the solution to their MSDs. As den-
tal educators, it is our duty to help students understand
the importance of developing correct ergonomic habits to
allow them to practice without being limited by disabil-
ity or pain.14-16,24-27 Ergonomic educational interventions
should be provided to students early in their curriculum.
Reinforcing these principles consistently throughout the
students’ 4-year educational career could help mitigate
MSDs, maintain graduates’ longevity in practice and avoid
their premature retirement.5,13-14,16,28
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